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(54) CO ATING OF GLASS 



(71) We, BFG GLASSGROUP, a 
Groupement d'Interet Econmique, estab- 
lished under the laws of France (French 
Ordinance dated 23rd September 1967), of 
5 Rue Caumartin 43, 75009 Paris, France, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the fol- 
10 lowing statement: 

This invention relates to a process for 
forming a metal or metal compound coating 
on a face of a glass substrate by contacting 
such face while it is at elevated temperature 
15 with droplets comprising a metal compound 
which by pyrolysis forms said coating metal 
or metal compound on said face. The inven- 
tion also relates to apparatus for use in carry- 
ing out such a process. 
20 Processes of the above kind are employed 
for forming coatings which modify the 
apparent colour of the glass and/or which 
have some other required properties in 
respect of incident radiation, e.g. an infra- 
25 reef-reflecting property. 

The known processes do not always enable 
coatings with satisfactory properties to be 
achieved. Difficulties are encountered in 
forming coatings which are of satisfactory 
30 quality e.g. in respect of their structure, their 
optical quality or their uniformity of thick- 
ness. • . . 

The subject of the present application is a 
coating process which promises to have 
35 important advantages in respect of the relia- 
bility with which good quality coatings can be 
formed. . 

The process according to the invention, 
which is of the kind above referred to, is 
40 characterised in that at least one stream of 
said droplets is or are discharged at an incli- 
nation to said face and so as to impinge on a 
zone within the face area to be coated, said 
stream and substrate are relatively displaced 
45 so that the instantaneous zone of impinge- 



ment of said stream on said face is progres- 
sively displaced along said face area to be 
coated, and suction forces are created in 
exhaust ducting whose entrance is located 
directly downstream from said impingement 50 
zone, by which suction forces gases environ- 
mental to said stream are caused continu- 
ously to flow in the down-stream direction 
away from said stream and from the vicinity 
of said impingment zone and directly into 55 
said ducting substantially without affecting 
the paths of the droplets towards said zone. 

Experiments indicate that as compared 
with hitherto known processes, the process 60 
according to the invention makes it easier to 
form a coating, e.g. a metal oxide coating of 
homogeneous structure featuring a regular 
arrangement of crystals and providing a 
uniform coverage of the substrate surface. 65 

This advantage is evident even for relatively 
thick coatings, e.g. coatings having an optical 
thickness corresponding to the fifth interfe- 
rential order and above. The advantage 70 
referred to is apparently attributable in part 
to the control of the suction current in the 
described manner whereby gases flowing in 
the down-stream direction in the regions of 
the droplet stream(s) and the impingement 75 
zone(s) on the substrate are maintained in 
movement in this downstream direction. It 
has been found that there is little or no ten- 
dency for decomposition products to precipi- 
tate onto the substrate or already formed gQ 
coating from within the gaseous environment 
adjacent the substrate. In conseguence the 
coating metal or metal compound is formed 
substantially only at the hot substrate sur- 
face. The inclination of the droplet stream or g5 
streams to the substrate face to be coated is 
also a factor contributing to the formation of 
uniform coatings which the process makes 
possible. Preferably the substrate is dis- 
placed in a given direction and the or each 90 
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droplet stream is inclined so that it has veloc- 
ity component in the direction of the subs- 
trate displacement and so that the included 
angle between its axis and said face, meas- 
5 ured in a plane which contains said axis and is 
parallel with the direction of displacement of 
the substrate, is in the range 25-35°. 

For achieving the best results all parts of 
the or each droplet stream should be incident 
1 0 upon the substrate at a substantial inclination 
to the vertical. Accordingly, in preferred 
embodiments of the process, the or each 
stream is a parellel stream or is one which 
diverges from its source at an angle of not 
15 more than 30°. 

Experiments indicate that uniform coat- 
ings can be more easily formed if certain 
conditions are observed with respect to the 
distance between the substrate face being 
20 coated and the position from which the or 
each droplet stream is discharged towards 
such face. Preferably such position, for the or 
each said stream, is at a distance from said 
face, measured normally to such face, of 
25 from 15 to 35cm. This has been found to be 
the most suitable range, particularly when 
observing the preferred inclination and 
divergency ranges for the droplet streams(s) 
above referred to. 
30 In certain embodiments of the process, it is 
applied for coating a face of a continuously 
longitudinally moving glass ribbon and use is 
made of a said droplet stream which is dis- 
placed to and fro transversely of the ribbon 
35 path. By carrying out the invention in that 
way, a ribbon of glass can be coated over 
substantially its entire width while using a 
single droplet discharge head of small dimen- 
sions so that the rate of supply of the metal 
40 compound can be easily controlled. In such a 
process the suction forces can be created in 
an exhaust duct which is displaced to and fro 
across the ribbon path so that the entrance of 
such duct remains directly downstream from 
« the impingement zone of the droplet stream. 
In alternative embodiments of the inven- 
tion, applied for coating a face of a continu- 
ously longitudinally moving glass ribbon , use 
is made of one or more droplet streams 
whose impingement zone or combined 
impingement zones on the substrate extend 
across substantially the whole width of the 
nbbon. In that case the entire ribbon can be 
coated with-out displacing the source or 
M purees of the droplet stream(s). Moreover 
the area coating rate can be quite high so that 
the process can be easily perfomed for coat- 
mga relatively fast moving ribbon of glass as 
*n levels from the ribbon forming plant 
ou The invention includes processes wherein 
a continuously longitudinally moving ribbon 
of glass is coated and use is made of statio- 
nary exhaust ducting having an exhaust gas 
irUet which extends transversely across the 
05 nbbon path. Such an exhaust ducting can be 



employed together with a stationary droplet 
discharge means extending transversely 
across the ribbon path as above referred to 
or together with a droplet discharge means 
which is displaced to and fro across the path 70 
of the travelling ribbon. When using such a 
stationary exhaust ducting, it is preferable to 
have a series of exhaust inlets leading from 
side by side positions across the ribbon path 
In such a case, suction forces can be created 75 
in the said exhaust inlets either by a common 
fan or other aspirator located behind such 
inlets or by a series of aspirators distributed 
among the different inlets. 

Advantageously suction forces are created 80 
in an exhaust duct which has main gas entry 
openings facing generally towards the 
impingement zone(s) of the droplet 
stream(s) on the substrate face, and 
peripheral openings which are located at pos- 85 
ltions behind such main openings and serve 
to reduce or avoid tubulence in any gas 
streams which flow past such main openings. 

It is advantageous to such gases into two or 
more exhaust ducts disposed at successive 90 
spaced positions downstream from the 
impingement zone(s) so that gas which flows 
downstream past one such duct can enter the 
next one. 

Advantageously the gas inlet opening of 95 
the exhaust duct or of the first of them if 
there is more than one is disposed at a dis- 
tance from the substrate face being coated 
measured normally to such face, of from 1 to 
20 SP- . 100 

The invention can be applied for coating a 
continuous ribbon of float glass as it is 
formed. Thus the invention includes proces- 
ses wherein the or each droplet stream 
impinges on the top face of a ribbon of glass 1 05 
formed in a float tank at a position or posi- 
tions downstream from the flat tank where 
the temperature of the glass is within the 
range 100° to 650°C. 

The process according to the invention can 110 
be applied for forming various oxide coatings 
by employing a liquid composition contain- 
ing a metal salt. By reason of the way in 
which gases are drawn away from the coating 
zone the invention is suitable even for form- 115 
ing coatings starting with solutions which 
give off reactive vapours, e.g. solutions of 
metal chlorides. By way of example, a tim 
oxide coating can be formed by projecting 
droplets of an aqueous or non-aqueous 120 
medium containing stannic chloride and a 
floping agent, e.g. a substance providing ions 
of antimony, arsenic or fluorine. The metal 
salt can be empolyed together with a reduc- 
es a g en t> e.g. phenyl hydrazine, formal- 125 
aehyde, alcohols and non-carbonaceous 
reducing agents such as hydroxylamine, and 
hydrogen. Other tin salts may be used in 
place of or in addition to stannic chloride, 
e.g., stannous oxalate or stannous bromide.' 130 
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Examples of other metal oxide coatings 
which can be formed in a similar manner 
include oxides of cadmium, gold, magnesium 
and tungsten. For forming such coatings the 

5 coating composition can likewise be pre- 
pared by forming an aqueous or organic 
aqueous solution of a compound of the metal 
and a reducing agent. As a further example 
the invention can be employed for forming 
10 coatings by pyrolysis of organometallic com- 
pounds, e.g. a metal acetylacetonate, sup- 
plied in droplet form to the substrate face to 
be coated. It is within the scope of the inven- 
tion to apply a composition containing salts 
15 of different metals so as to form a metal 
coating containing a mixture of oxides of dif- 
ferent metals. 

The invention includes apparatus suitable 
for use in forming a metal or metal com- 
20 pound coating on a face of a glass substrate 
by a process according to the invention as 
hereinbefore defined. Apparatus according 
to the present invention comprises means for 
supporting a substrate, means for heating the 

25 substrate and means for discharging droplets 
onto the substrate face to be coated and is 
characterised in that the said discharge 
means is constructed and arranged to 
discharge at least one stream of droplets in a 

30 direction which is inclined to a supported 
substrate so as to impinge on a zone within 
the substrate face to be coated, in that means 
is provided for bringing about relative dis- 
placement of said droplet discharge means 

35 and said substrate to cause the instantaneous 
zone of impingement of the said droplet 
stream on said face to be progressively dis- 
placed along such face area to be coated, and 
in that the apparatus includes gas exhaust 

40 means including an exhaust ducting whose 
entrance is located directly downstream from 
said impingement zone, said exhaust means 
being adapted continuously to suck gases 
environmental to said stream in the down- 

45 stream direction away from said stream and 
from the vicinity of said impingement zone 
and directly into said ducting substantially 
without affecting the paths of the droplets 
towards said zone. 

50 Apparatus according to the invention may 
include any additional feature or features 
which may be required for making use of any 
one or more of tne various optional process 
features hereinbefore described. 

55 Particular preference is given to apparatus 
constructed for supporting a continuously 
longitudinally moving glass ribbon in a given 
direction with the droplet discharge means 
arranged to discharge at least one stream of 

60 droplets in a direction such that it has a veloc- 
ity component in that given direction and 
such that the included angle between the axis 
of such stream and the exposed face of the 
ribbon, measured in a plane which contains 

65 said axis and is parallel with the direction of 



the ribbon displacement, is in the range 
25335°. Preferably the droplet discharge 
means is constructed and arranged to dis- 
charge at least one said droplet stream which 
is a parallel stream or is one which diverges 70 
from its source at an angle of not more than 
30°, as hereinbefore referred to. 

In certain apparatus according to the 
invention, adapted to apply the process for 
coating a continuously longitudinally moving 75 
glass ribbon, the droplet discharging means 
includes a droplet discharge head connected 
to means for displacing such head to and fro 
in a transverse direction across the ribbon 
path. Such apparatus includes embodiments 80 
m which the gas exhaust means includes an 
exhaust duct connected to means for displac- 
ing it to and fro across the ribbon path to 
maintain the entrance of such duct directly 
downstream of the zone of impingement of 85 
said droplet stream on the substrate. 

In other forms of apparatus according to 
the invention for use in coating a continu- 
ously longitudinally moving glass ribbon, the 
droplet discharge means includes one ore 90 
more droplet discharge heads for discharging 
one or more droplet streams whose 
imipingement zone or comibined impinge- 
ment zones on the substrate extend across 
the whole or the greater part of the width of 95 
the ribbon path. 

As an alternative to employing a displace- 
able gas exhaust means as above referred to, 
use is made in certain apparatus according to 
the invention of stationary exhuast ducting 100 
having an exhaust gas inlet which extends in a 
transverse direction across the ribbon path. 
Advantageously, such ducting has a series of 
exhaust inlets leading from side by side posi- 
tions across the ribbon path. 105 

In a particular embodiment use is made of 
an exhaust duct extending transversely 
across the path along which gases are drawn 
from the impingment zone(s) of the doplet 
stream(s) and such duct has main gas inlet 110 
openings facing such zonefs) and secondary 
gas entry openings located behind such main 
inlet opeinings. 

It is advantageous to provide exhaust ducts 
at different spaced positions downstream 115 
from the aforesaid impingment zone(s) so 
that gases which flow downstream past one 
duct can be drawn off by the next one. 

Preferably the exhaust gas inlet of the 
exhaust duct or the first of such ducts if there 120 
is more than one, is at a distance of from 1 to 
20 cm from the substrate face to be coated, 
measured normally to such face. 

Very good results have been achieved 
when gases in the vincinity of the droplet 125 
stream(s) and the impingment zone(s) 
thereof on the substrate are exposed to suc- 
tion forces causing them to flow along a path 
diverging from the substrate. Accordingly in 
certain apparatus according to the invention 130 
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the gas exhaust means includes exhaust duct- 
ing disposed so that in operation gases flow 
towards the entrance of said sucting along a 
path which diverges from the substrate. 

5 The invention includes apparatus as above 
defined, installed in association with a float 
tank for forming a ribbon of glass by the float 
process, the droplet discharge means being 
arranged so that the or each stream of drop- 

10 lets impinges on the top face of the ribbon at 
a zone or zones where the temperature of the 
glass is within the range 100° to 650°C 

An embodiment of the invention, selected 
by way of example, is illustrated in the 

15 accompanying diagrammatic drawing which 
is a cross-sectional side elevation of part of a 
flat glass manufacutring plant incorpating 
coating apparatus according to the invention. 
The coating apparatus is located in an 

20 annealing chamber 1, having a roof wall 2 
and a sole wall 3, through which chamber the 
glass ribbon 4 is conveyed from a robbon 
forming section of the plant, The chamber 1 
may for example by part of the annealing lehr 

25 of a Libbey-Owens type sheet glass drawing 
machine, or it may be associated with a float 
tank in which the glass ribbon is formed by 
the float process. 
The glass ribbon 4 is supported by rollers 5 

30 and travels chamber 1 in the direction indi- 
cated by arrow 6. Above the path of the glass 
ribbon the chamber 1 is provided with dis- 
placeable refractory screens 7 and 8 which 
define between then a compartment in which 

35 the metal of metal compound coating is 
formed on the upper face of the glass ribbon 
as it travels through the chamber. 

A spray gun 9 is mounted above the hori- 
zontal path of the glass ribbon and is con- 

40 nected to mechanism (not shown) for dis- 
placing such gun to and rro along a horizontal 
path normal to the direction of the ribbon 
displacement. The vertical distance between 
the spray gun and the top face of the glass 

45 ribbon is from 15 to 35cm. The spray gun is 
orientated so that droplets are discharged in 
a conical spray whose mean angle of inclina- 
tion to the ribbon is from 25° to 35°, the cone 
angle being 20°. 

50 At a distance of about 10 to 30 cm down- 
stream boundary 10 of the zone of imping* 
ment of the droplet stream on the glass rib- 
bon, there is an exhaust duct 11 which is 
connected to means (not shown) for main- 

55 taining suction forces in the duct. The duct 
extends transversely across the ribbon path 
and has a nozzle 23 defining a slot-like gas 
inlet passage. The entry orifice of the nozzle 
is at a height of from 1 cm to 20 cm above the 

60 glass ribbon. 

In this particular embodiment, a second 
exhaust duct 13 is provided which is spaced 
downstream from the duct 11. 
When the apparatus is used, the discharge 

65 from the spray gun and the suction forces 



which serve to aspirate gases into the exhaust 
ducts 11 and 13 are adjusted so that in the 
zone upstream of the spray cone the atmos- 
phere is substantially quiescent and unpol- 
luted by vapour droplets or vapours of the 70 
sprayed substance, and so that the paths of 
the droplets from the spray gun to the glass 
ribbon are substantially unaffected by the 
suction gorces. Moreover the atmosphere 
above the zone of impingement of the drop- 75 
lets on the ribbon remains clear. The spray 
gun in continuously moved to and fro trans- 
versely across the ribbon path and the con- 
tinuously exerted suction forces are such that 
the atmosphere above any coated zone 80 
across the ribbon becomes completely 
cleared in the period of time taken for the 
spray gun to complete one movement cycle 
comprising a to and fro movement across the 
ribbon path. 85 

By way of modification, the spray gun 9 
could be replaced by a series of stationary 
spray guns mounted in side by side postions 
across the ribbon path so that they together 
apply coating substance over the full width of 90 
the ribbon path, or by a stationary atomiser 
having a droplet discharge head extending 
across such path. 

The following are examples of processes 
accoeding to the invention performed with 95 
the aid of apparatus as above described. 
Example 1 

Coating apparatus as described with refer- 
ence to the accompanying drawing was emp- 
loyed for coating a ribbon of glass 3 metres in 100 
width in course of its production by a 
Libbey-Owens type drawing process, the 
speed of the glass nbbon being about 1 metre 
per minute. The coating apparatus was instal- 
led at a position such that the temperature of 1 05 
the glass at a zone of impingement of the 
droplet stream was about 600°C. 

The spray gun was of a conventional type, 
and was operated at a pressure of about 4 
kg/ cm 2 . Tne gun was displaced to and fro 110 
across the ribbon path at a height of 30 cm 
above the glass ribbon, so as to complete nine 
reciprocations per minute. The spray gun 
was directed so that the axis of the spray was 
at 30° to the plane of the glass ribbon. 115 

The suction forces in the exhaust ducting 
were adjusted to maintain a depression of 
about 100mm of water in the suction nozzle 
of each of the ducts 1 1 and 13, which nozzles 
were 20 cm above the glass ribbon. 120 

The spray gun was fed with an aqueous 
solution of tin chloride obtained by dissolv- 
ing in water 375 g per litre of hydrated tin 
chloride (Sna 2 !2H 2 0), and adding 55 g per 
litre of NH 4 HF 2 . 125 

The rate of delivery of the coating solution 
was 20 litres per hour, in an amount of 10 
NmVhr of carrier gas. A coating of tin oxide 
doped by fluorine ions and having a thickness 
of 7,500 A, was formed on the glass ribbon. 130 
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Examination of the coating showed it to be 
of uniform thickness and optical properties 
and to have an homogeneous structure. Hie 
coating had a neutral tint viewed by reflected 
5 light. The coating possessed a high visible 
light transmissivity and possessed an apprec- 
iable reflective power in respect of infrared 
rays in the wavelength range 2.6 to 40 mic- 
rons. The emissivity of the coating was 0.1. 

10 The diffuse luminous transmission of the 
coating was very small. 

Similar results were obtained in a process 
in which the same coating procedure was 
followed for coating a ribbon of float glass as 

15 it travelled from the float tank. 
Example 2 

A ribbon of glass was coated by a process 
similar to that of Example 1, the differences 
being that the spary gun was reciprocated at 

20 6 cycles per minute ans was fed with 15 
N-cubic metres per hour of air and 30 litres 
per hour of an aqueous solution comprising 
per litre of water 325 g of anhydrous SnCl 2 
and 60 g of NH 4 HF 2 . A coating composed of 

25 tin oxide doped by fluorine ions, and having a 
thickness of 10,000 A was formed on the 
glass. The coating had a very uniform thick- 
ness and uniform optical properties, and had 
an homogenous structure. The coating had a 

30 grey tint viewed by reflected light. Visible 
light transmission through the coated glass 
was slightly lower than through the glass 
coated according eo Example 1 but the coat- 
ing also had a high reflective power in respect 

35 of radiation in the far infrared spectral reg- 
ion. Like the coating formed according to 
. Example 1 , the coating exhibited only a very 
slight diffuse light transmission. 
Example 3 

40 Apparatus as used in Example 1 was emp- 
loyed for coating a ribbon of glass having at 
the impingement zone of the droplets a 
temperature of about 580°C. The spray gun 
was supplied with a solution of the reaction 

45 product of anydrous SnCl 4 with methanol. 
The concentration of the solution was 
adjusted by means of dimethylformamide 
after addition of HC1 for stabilising the solu- 
tion , and NH4HF2 as doping agent. The 

50 composition of the solution was as follows: 
200 cc SnCl 4 (anhydrous), 625 cc methanol, 
50 cc HC1, 62 g NH4HF2 and dimethylfor- 
mamide to make 1 litre ot solution. The rates 
of supply of this solution and of the air to the 

55 spray gun were of the same order as the 
supply rates in Example 1. 

TTie suction forces were adjusted to main- 
tain a depression of about 100mm of water in 
the suction nozzles of the exhaust ducts 11 

60 and 13. The delivery of the coating solution 
was regulated so that a coating of Sn0 2 doped 
by fluorine ions and having a thickness of 
7,200 A was formed on the glass ribbon. 
Examination of the coating showed it to 

65 possess an homogenous structure. The coat- 



ing was uniform in thickness and in respect of 
its optical properties. The coating had a 
neutral tint in reflection. The coating had a 
high visible light transmissivity and a particu- 
larly high reflecting power in respect of radi- 70 
ation in the far infrared region of the spec- 
trum. The coating exhibited very slight dif- 
fuse light transmission. 

In a modification of the foregoing process, 
in which substantially identical results were 75 
obtained, the above coating solution was 
substituted by a solution obtained by react- 
ing SnCl 4 with acetic anhyaric in 
stoichiometric proportions, slowly agitating 
the resulting very syrupy brown-black liquid 80 
to allow escapr of HCL, diluting the mixture 
with dimethylformamide and adding some 
cubic centimetres of a 40% by volume com- 
mercial solution of HF as doping agent. 
Example 4 85 

A ribbon of float glass having a width of 
about 2.5 metres was coated as it travelled 
from the float tank, at a speed of 4.5 metres 
per minute, using a coating apparatus as rep- 
resented in the drawing. 90 

The spray gun was of conventional type 
and was operated under a pressure of about 
3kg/ cm 2 . The gun was mounted 25 cm above 
the glass ribbon and was pointed at an incli- 
nation of 30° to the ribbon plane. The gun 95 
was reciprocated at 10 cycles per minute. 
The gun was fed at a rate of about 50 litres 
per hour with a solution obtained by dissolv- 
ing in dimethylformamide,per litre, 140 g of 
cobalt acetylacetonate QoiCsH^lHzO. 100 » 
The gun was located so that this solution 
impinged on the glass ribbon at a postion 
along its path where the glass had a tem- 
peraruer of about 580°C. 

The suction nozzle 12 of the exhaust duct 105 
11 was located 20 cm aboce the glass ribbon. 
The suction forces were adjusted so that a 
depression of about 50mm of water was 
maintained in the said suction nozzles. The 
exhaust duct 13 was not employed, 110 

The rate of discharge of the coating solu- 
tion was adjusted so that a coating of cobalt 
oxide (C03O4) having a thickness of about 
920 A formed on the glass. 115 

The coating was examined and was found 
to possess an homogenous structure. The 
coating was perfectly uniform in thickness. 
The coating had a brown tint viewed by 
transmitted light. The optical properties of 120 
the coated glass were uniform and of good 
quality over the whole of the coated area. 

The foregoing coating procedure can be 
followed for forming coloured layers com- 
posed of a mixture of oxides by feeding the 125 
spray gun with a solution containing a mix- 
ture of compounds of different metals e.g. 
compounds of metals selected from the 

froup iron, cobalt, chromium and nickel, or 
y making use of a plurality of spray guns and 1 30 
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feeding different solutions simultaneously 
through different guns. 
Example 5 
A glass ribbon approximately 3 metres in 
5 width, being formed by the Libbey-Owens 
process and moving at a speed of 1.5 metres 
per minute was coated by making use of coat- 
ing apparatus as described with reference to 
the accompanying drawing, the coating 

10 apparatus being disposed so that the coating 
solution contacted the glass where its temp- 
erature was about 580°C 

The spray gun was reciprocated at 10 
cycles per minute and was operated under a 

1 5 pressure of 1 .5 kg/ cm 2 to deliver 1 5 litres per 
hour of coating solution. The gun was 
mounted 25 cm above the glass ribbon and 
was directed at an inclination of 25° to the 
ribbon plane. 

20 The coating solution used was a solution of 
titanyl acetylacetonate in dimethylfor- 
mamide in a concentration of 130 g per litre. 

The suction nozzle 12 of the exhaust duct 
11 was 10 cm above the glass ribbon . The 

25 suction forces were adjusted to maintain a 
depression of some dozens of mm water in 
such suction, nozzle. The duct 13 was not 
used. 

The discharge from the spray gun was 

30 adjusted so as to form on the glass a coating 
of Ti0 2 450 A in thickness. 

Examination of the coated glass showed 
that its overall light transmission was about 
65%. The coating had an homogeneous 

35 structure and was uniform in respect of its 
thickness and optical properties. The diffuse 
light transmission of the coated glass was 
almost nil. The coating appeared grey by 
transmitted light. 

40 In a modification of the foregoing process 
the coating solution was replaced by an 
aqueous solution of TiCl 4 and the spray gun 
and the suction forces were adjusted so that a 
coating of Ti0 2 having a thickness of 800 A 

45 was formed on the glass. The optical qualities 
of the coating were equivalent to those of the 
coating formed in the above example. 
Example 6 
A coating was formed on a glass ribbon by 

50 means of a coating apparatus as used in 
Example 1, the coating apparatus being 
arranged so that the sprayed droplets of coat- 
ing solution contacted the glass where its 
temperature was 585 °C. 

55 The coating solution, which was supplied 
at a rate of the same order as that used in 
Example 1, was obtained by dissolving 595 g 
of SnC14.5H 2 0 and 3 g of SbCl 3 per litre of 
solvent, the solvent being a mixture of water 

60 and dimethylformamide containing a little 
hydrochloric acid. 

The location and displacement of the spray 
gun were as in Example 1. The suction forces 
were adjusted to maintain a depression of 

65 about 100mm of water in the suction nozzles 



of the ducts 11 and 13. The discharge from 
the spray gun was adjusted so that a coating 
of Sn0 2 doped by anoimony ions and having a 
thickness of 8,000 A formed on the glass. 

The coating was of neutral tint in reflec- 70 
tion. The coating possessed an homogeneous 
structure and its thickness and optical prop- 
erties were uniform over the area of the coat- 
ing. The diffuse light transmission of the 
coated glass was very slight. The coating had 75 
a very high reflective power in respect of 
radiation in tahe far infrared wavelength 
band. 

WHAT WE CLAIM IS: 

1 . A process of forming a metal or metal 80 
compound coating on a face of a glass subs- 
trate by contacting such face while it is at 
elevated temperature with droplets compris- 
ing a metal compound which by pyrolysis 
forms said coating metal or metal compound 85 
on said face, characterised in that at least one 
stream of said droplets is or are discharged at 

an inclination to said face and so as to 
impinge on a zone within the face area to be 
coated , said stream and substrate are rela- 90 
tively displaced so that the instantaneous 
zone of impingment of said stream on said 
face is progressively displaced along said face 
area to be coated, and suction forces are 
created in exhaust ducting whose entrance is 95 
located directly downstream from said 
impingement zone, by which suction forces 
gases environmental to said stream are 
caused continuously to flow in the down- 
stream direction away from said stream and 100 
from the vicinity of said impingement zone 
and directly into said ducting substantially 
without affecting the paths of the droplets 
towards said zone. 

2. A process according to claim 2, 105 
characterised in that. the substrate is dis- 
placed in a given direction and said stream is 
inclined so that it has a velocity component in 

the direction of the substrate displacement 
and so that the included angle between its 110 
axis and said face measured in a plane which 
contains said axis and is parallel with the 
direction od displacement of the substrate is 
in the range 25 - 35°. 

3. A process according to claim 1 or 2, 115 
characterised in that the said stream is a para- 
llel stream or is one which diverges from its 
source at an angle of not more than 30°. 

4. A process according to any preceding 
claim, characterised in that the distance bet- 120 
ween the position from which said droplet 
stream is discharged and face, measured 
normally to such face, is from 15 to 35 cm. 

5. A process accordin to any preceding 
claim, characterised in that the substrate is a 125 
ribbon of glass which is in movement parallel 
with its longitudinal axis and the process is 

Krformed for coating a face of such ribbon 
m using a said stream which is displaced to 
and fro transversely of the ribbon path. 130 
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6. A process according to claim 5, 
characterised in that said suction forces are 
created in an exhaust duct which is displaced 
to and fro across the ribbon path so that the 

5 entrance of said duct remains directly down- 
stream from said impingment zone. 

7 . A process according to any of claims 1 
to 4, characterised in that the substrate is a 
ribbon of glass which is in movement parallel 

10 with its longitudinal axis and the process is 
performed for coating a face of the ribbon by 
using one or more said streams whose 
impingement zones on the substrate extend 
across the whole or the greater part of the 

15 width of the ribbon. 

8. A process according to claim 5 or 7, 
characterised in that said substrate is a con- 
tinuously longitudinally moving ribbon of 
glass and use is made of stationary exhaust 

20 ducting having an exhaust gas inlet which 
extends transversely across the ribbon path. 

9. A process according to claim 8, 
characterised in that said exhaust ducting has 
a series of exhaust inlets leading from side by 

25 side positions across the ribbon path. 

10. A process according to claim 8 or 9, 
characterised in that suction forces are cre- 
ated in an exhaust duct which has main gas 
entry openings facing generally towards the 

30 impingement zone(s) of the droplet 
stream(s) on the substrate face, and further 
gas entry openings, located at positions 
behind such main openings, for the entry of 
gas which flows past such main openings. 

35 11. A process according to any preced- 
ing claim, characterised in that gases are 
suched into two or more exhaust ducts dis- 
posed at successive spaced positions down- 
stream from the impingement zone(s) so that 

40 gas which flows downstream past one such 
duct can enter the next one. 

12. A process according to any preced- 
ing claim, characterised in that said substrate 
is a ribbon of glass formed in a float tank and 

45 the or each said stream impinges on the top 
face of the ribbon downstream from the tank 
and where the temperature of the glass is 
within the range 100° to 650°C. 

13. Apparatus suitable for use in form- 
50 ing a metal or metal compound coating on a 

face of a glass substrate by contacting such 
face while it is at elevated temperature with 
droplets comprising a metal compound on 
said face, such apparatus comprising means 

55 for supporting said substrate, means for heat- 
ing such substrate, and means for discharging 
said droplets onto said face, characterised in 
that the said droplet discharge means in con- 
structed and arrangedto discharge at least 

60 one stream of droplets in a direction which 
inclined to a supported substrate so as to 
impinge on a zone within the substrate face 
area to be coated, in that means is provided 
for bringing about relative displacement of 

65 said droplet discharge means and said subs- 



trate to cause the instantaneous zone of 
impingement of the said droplet stream on 
said face to be progressively displaced along 
such face area to be coated, and in that the 
apparatus includes gas exhaust means includ- 70 
ing an exhaust ducting whose entrance is 
located directly downstream from said imp- 
ingment zone, said exhaust means being 
adapted continuously to suck gases environ- 
mental to said stream in the downstream 75 
direction away from said stream and from the 
vicinity of said impingement zone and 
directly into said ducting substantially with- 
out affecting the paths of the droplets 
towards said zone. 80 

14. Apparatus according to claim 13, 
characterised in that means is provided for 
displacing the supported substrate in a given 
direction and in that said droplet discharge 
means is constructed and arranged to dis- 85 
charge at least one stream of droplets in a 
direction such that it has a velocity compo- 
nent in said given direction and the included 
angle between the axis of said sream and the 
exposed face of a flat supported and moving 90 
substrate, measured in a plane which con- 
tains said axis and is parallel with said given 
direction is in the rang 25 - 35°. 

15. Apparatus according to claim 13 or 

14, characterised in thatthe said droplet dis- 95 
charge means is constructed and arranged to 
discharge at least one said droplet stream 
which is a parallel stream or is one which 
diverges from its source at an angle of not 
more than 30°. 100 

16. Apparatus according to any of claims 
13 to 15. characterised in that said droplet 
discharge means is located so that the dis- 
tance between the position from which the or 
each droplet stream is discharged and the 105 
exposed nice of a flat substrate when that is in 
position on said substrate supporting means, 
measured normally to said race, is in the 
range 15 to 35 cm. 

1 7 . Apparatus according to nay of claims 110 
13 to 16, characterised in that said substrate 
supporting means is adapted to support a 
continuously longitudinally moving glass 
ribbon and said droplet discharging means 
includes a droplet discharge head connected 115 
to means for displacing such head to and fro 

in a transverse direction across the ribbon 
path. 

18. Apparatus according to claim 17, 
characterised in that said gas exhaust means 120 
includes an exhaust duct connected to means 

for displacing it to and fro across the ribbon 
path to maintain the entrance of such duct 
directly downstream of the zone of impinge- 
ment of said droplet stream on the substrate. 125 

19. Apparatus according to any of laims 
13 to 16, characterised in that said substrate 
supporting means is adapted to support a 
continuously longitudinally moving glass 
ribbon and said droplet discharge means 130 
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includes one or more droplet discharge heads 
for discharging one or more droplet streams 
whose impingement zone or combined 
impingement zones on the substrate extend 
5 across the whole or the greater part of the 
width of the ribbon path. 

20. Apparatus according to claim 17 or 
19, characterised in that said substrate sup- 
porting means is adapted to support a con- 

10 tinuously longitudinally moving glass ribbon 
and said exhaust means includes a stationary 
exhaust ducting having an exhaust gas inlet 
which extends in a transverse direction 
across the ribbon path. 

15 21. Apparatus according to claim 20, 
characterised in that said ducting has a series 
of exhaust inlets leading from side by side 
positions across the ribbon patrh. 

22. Apparatus according to claim 19 or 
20 20, characterised in that it includes an 

exhaust duct extending transversely across 
the path of the exhaust gases and such duct 
has main gas inlet opening facing said 
impingement zone(s) and secondary gas 
25 entry openings located behind such main 
inlet openings. 

23. Apparatus according to any of claims 
13 to 22, characterised in that there are 
exhaust ducts at different spaced positios 

30 downstream from the impingement zone(s) 
so that gases which flow downstream past 
one exhaust duct can be drawn off by the next 



one. 

24. Apparatus according to any of 
claims 13 to 23, characterised m that said gas 35 
exhaust means includes exhaust ducting dis- 
posed so that in operation gases flow towards 

the entrance of said ducting along a path 
which diverges from the substrate. 

25 . Apparatus according to any of claims 40 
13 to 24, characterised in that said droplet 
discharge means is arranged downstream of 

the exit end of a float tank for forming a 
ribbon of glass by the float process and so 
that the or each stream of droplets impinges 45 
on the top face of the ribbon at a zone or 
zones where the temperature of the glass is 
within the range 100° to 650°C 

26. A proces sof forming a metal or 
metal compound coating on a face of a glass 50 
substrate, substantially according to any of 

the Examples herein. 

27. Apparatus suitable for use in form- 
ing a metal or metal compound coating on a 
face of a glass substrate, substantially as 55 
herein described with reference to the 
accompanying drawings. 

HYDE, HEIDE & O'DONNELL 60 
Chartered Patent Agents 
47 Victoria Street 
London SW1H 0ES 
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